ABSTRACT
Prunus necrotic ringspot virus (PNRSV) is
among a large number of viruses that infect stone fruit trees causing important losses. PNRSV has a worldwide distribution and affects Prunus spp. including peach, nectarine, cherry, apricot, almond and plum trees, besides apple, hop and rose. PNRSV induces necrotic and chlorotic rings, mosaic, deformations in leaves, flowers and fruits, delayed maturation, reduced growth and decreasing productivity in peach; alternatively, the virus may be present latently, not causing symptoms or damage. PNRSV is transmitted by pollen, seed and vegetative propagation methods (FIoRe et al., 2008) , being a positive-sense RNA virus with a tripartite genome that belongs to the genus Ilarvirus of the Bromoviridae family. RNAs 1 and 2 encode proteins involved in viral replication, whereas RNA3 encodes a 5' movement protein (MP) and a 3' coat protein (CP) which is expressed via a subgenomic RNA4. Sequence comparisons and phylogenetic analyses of the RNAs 3 and 4 and coat proteins revealed that all of the isolates clustered into three different groups, represented by three previously sequenced PNRSV isolates: PV32, Pe5, and PV96. Pe5-type group was characterized by a 5' untranslated region clearly different from that of the other two groups. PV32-type group was characterized by an extra hexanucleotide consisting of a duplication of the six immediately preceding nucleotides (APARICIo et al., 1999) . In Rio Grande do Sul State, Brazil, one of the most common viral infections in peach orchads is caused by PNRSV (FIoRe et al., 2008 economical importance of PNRSV to stone fruit crops in Brazil, the molecular characterization of PNRSV isolates, other than those infecting peach, is null.
Three viruses are associated with the range of symptoms of rose mosaic, including PNRSV, Apple mosaic virus (ApMV) and Arabis mosaic virus (ArMV). First report of PNRSV infecting rose in Brazil was detected by serological tests (ALeXANDRe & DUARTe, 2009) . ApMV was already reported in apple orchads in Brazil (FAJARDo et al., 2011) . In contrast to PNRSV, it is considered to be non transmissible by pollen or vectors. ArMV that is vectored by nematodes has not yet been reported in Brazil, especially in grapevines. These viruses are classified in the Bromoviridae family, genus Ilarvirus (ApMV) or Secoviridae family, genus Nepovirus (ArMV). Rose mosaic symptoms may vary widely depending on time of the year, temperature, and virus species infecting the plant. Typical symptoms include chlorotic line patterns, ringspots, and mottles in leaves. There may also be yellow net and yellow mosaic symptoms. Symptoms often are evident in spring and early summer but may not be on leaves produced in the summer. Flower distortion, reduction in flower production, flower size, stem caliper at the graft union, and early leaf drop have all been reported. Some infected cultivars may not show any symptoms (PADUCh-CIChAL & SALA-ReJCzAk, 2011). The aim of this research was to determine the causal agent of rose mosaic and molecularly characterize the MP and CP genes of a Brazilian PNRSV isolate from rose.
Some rose (Rosa spp.) plants cultivated in a vineyard marginal area and exhibiting yellow mosaic leaves were observed in the municipality of Lagoa Vermelha, Rio Grande do Sul State, Brazil. Due to symptom uniformity only one of these plants were sampled. Total RNA extractions were performed using RNeasy Plant Mini kit (Qiagen) from 100mg of symptomatic and asymptomatic rose leaves. The primer pairs used for one-step RT-PCR were PNRSV CP: v1 (5'ATGGTTTGCCGAATTTGCAAT3'), c1 (5'CTATATCTCAAGCAGGTCTTCATC3'), MP: v1 (5'ATGGCCGGTGTCAGTAAAAAC3'), c1 (5'TCAAGCACTTCCAGAACTACC3'), ArMV: h428 (5'GCGGCGGATTGGGAGTT3'), C867 (5'CGATGGTAGGGGGAGCGTATT3'), ApMV: v1 (5'ATGGTCTGCAAGTACTGTAA3'), c1 (5'TCATAATTCTAACAAATCTT3'). The RT-PCR in a single step was carried out using one Step RT-PCR kit (Qiagen) and reactions were performed according to the manufacturer with 4µl of total RNA. The amplification cycle was: 50°C/30min, 95°C/15min, 35x: 94°C/50s, 50°C/50s, 72°C/1min and 72°C/10min. The expected DNA bands were cut and eluted from the gels using the Wizard SV Gel and PCR Clean-Up System kit (Promega).
The eluted DNA fragments were ligated into pGeM-T easy vector (Promega) and were used to transform Escherichia coli DH5α competent cells by heat shock. The recombinant plasmids of transformed bacterial colonies were extracted using the Wizard Plus SV Minipreps DNA Purification System kit (Promega) and checked with EcoRI restriction enzyme digestion. The automatic nucleotide sequencing was performed for two clones per oRF (open reading frame). Multiple sequence alignments of nucleotides (nt) and deduced amino acids (daa) and the matrix generation of identities (nt and daa) were performed using Clustal X 1.8 and Bioedit 7.2.5 (hALL et al., 1999) softwares. In the analyses, the complete sequences of the coat (CP) and movement (MP) proteins of PNRSV isolates from rose and some Prunus hosts characterized in Brazil or elsewhere, besides CP and MP sequences of PNRSV type group isolates (PV32, PV96 and Pe5) and ApMV as outgroup species available in the GenBank were included. The molecular weight (MW) of the CP and MP viral proteins was calculated using resource at exPASy. Sixty-five samples of peach canopies and rootstocks and Prunus species from the cultivar collection of embrapa Clima Temperado (courtesy of B. Ueno) were indexed by RT-PCR for PNRSV using the CP oligonucleotides in the aforementioned conditions.
No amplifications by RT-PCR using ApMV and ArMV primers from total RNA extractions of symptomatic rose leaves were observed. Two DNA fragments of 681 and 852bp were amplified by RT-PCR from the analysed rose sample containing the complete CP and MP nt sequences, the two oRFs in the RNA3 of PNRSV, with 226 and 283 daa, respectively. The predicted molecular mass of the CP and MP of PNRSV, Rose-Br isolate, was 25.3kDa and 30.98kDa, respectively, and were very similar to those reported by GUo et al. (1995) for PNRSV from Prunus mahaleb. The two obtained sequences were deposited in the GenBank with accession codes kJ958527 and kM212170, corresponding to CP and MP PNRSV oRFs, respectively. Rose isolates of PNRSV were already detected and molecularly characterized in India (kULShReSThA et al., 2013), Poland (PADUCh-CIChAL & SALA-ReJCzAk, 2011) and France (MoURY et al., 2001) .
The alignment between the CP nucleotide sequence of PNRSV, Rose-Br isolate, and seven sequences of rose isolates of PNRSV from India, Poland and China available in GenBank showed high identity ranging from 97.3% to 98.6%, suggesting limited variability among CPs of analyzed isolates. When the comparison was between the PNRSV CP, Rose-Br isolate, and the PNRSV CP nucleotide sequences of three Brazilian peach isolates (eF565264-EF565266), lower identity values were verified (94.1% to 97.5%). Phylogenetic analysis of PNRSV coat protein sequences from rose and Prunus hosts exhibited the formation of three monophyletic clusters defined for PNRSV groups (PV32, PV96 and PE5) ( Figure 1A ). All studied rose isolates of PNRSV were grouped as PV32, thus the CP gene of Rose-Br isolate was six nucleotides longer at positions 119-124 than CP genes of the other PV96 and Pe5 isolates. Addition of six nucleotides resulted in two corresponding extra amino acids asparagine and arginine in the putative CP of the virus. The extra residues of the PV32 group are inside the RNA-binding domain described for PNRSV. Amino acids from 25 to 50 are essential for the protein to bind PNRSV RNA in vitro (SALA-ReJCzAk & PADUCh-CIChAL (2013) . kULShReSThA et al. (2013) and SALA-ReJCzAk & PADUCh-CIChAL (2013) performed sequence analysis of CP and also revealed that the rose isolates of PNRSV from India and Poland, respectively, belong to PV32 group of PNRSV isolates. In addition to the mentioned features of PV32 group members (APARICIo et al., 1999) , additional group and host specific features were also identified. Presence of methionine at position 90 in the amino acid sequence alignment of PNRSV CP gene (belonging to PV32 group) was identified as the specific conserved feature for the rose isolates of PNRSV (kULShReSThA et al., 2013) , including the Brazilian rose isolate (kJ958527). APARICIo et al. (1999) mentioned that although most of the variability was observed in the first third of the CP, the amino acid residues in this region, previously thought to be functionally important in the replication cycle of the virus, were strictly conserved. No clear correlation between molecular variability, primary sequence of the gene for MP or CP, biological properties, geographical origin, host specificity or symptomatology could be observed (APARICIo et al., 1999; SCoTT et al., 1998) . Thus it is worth mentioning the closest clustering of PNRSV isolate from roses as demonstrated in figure 1A . Analysis of the different isolates revealed a lack of association between specific nucleotide or amino acids patterns and host origin, symptomatology or geographic area, although the majority of isolates from phylogroups PV96 and PV32 tend to exhibit latent/mild or chlorotic/necrotic symptoms, respectively. Molecular analyses of the coding sequences of the CP and the MP revealed that both proteins are highly conserved, independently of the host and geographical origin of the isolates (FIoRe et al., 2008) . SALA-ReJCzAk & PADUCh-CIChAL (2013) have studied the nucleotide sequences of PNRSV CP in eleven Polish isolates, from different Prunus and Rosa species and four isolates from Australia, hungary and Italy. Results also indicated no association between the host species or the geographic origin and the PNRSV CP sequence specificity. Our results regarding rose isolate of PNRSV and phylogenetic analysis ( Figure 1A) are very similar to those obtained by FIoRe et al. (2008) and SALA-ReJCzAk & PADUCh-CIChAL (2013) to PNRSV from some Prunus and Rosa species.
The alignment between the MP nucleotide sequence of PNRSV, Rose-Br isolate, and only two sequences of rose isolates of PNRSV from India and Poland available in GenBank showed high identity ranging from 96% to 96.7%. Comparison between MPs of Indian (AJ697737) and Polish (DQ003584) isolates showed 98.9% nt identity. When the comparison was between the PNRSV MP, Rose-Br isolate, and the PNRSV MP nucleotide sequences of three Brazilian peach isolates (eF565241-eF565243), lower identity values were verified (93.5% to 96.5%). Phylogenetic analysis of PNRSV movement protein sequences from rose and Prunus hosts also exhibited the formation of three monophyletic clusters previously defined for PNRSV groups (PV32, PV96 and Pe5). All three rose isolates of PNRSV were grouped as PV32, together with other isolates of PNRSV from Prunus (cherry, apricot, peach, plum) species ( Figure 1B) . PNRSV isolates classified as Pe5 group had 855 nucleotide length in MP sequence instead of 852bp of PV32 and PV96 groups. MoURY et al. (2001) found that all 27 rose isolates tested infecting P. persica seedlings, and three out four Prunus PNRSV isolates tested were weakly infectious in Rosa indica plants. These data suggestted adaptation of PNRSV isolates from Prunus spp., but not from rose, to their host plants. however, comparisons of the coat protein gene sequences for rose isolates indicated that they do not form a distinct phylogenetic group and show close relations to Prunus spp. isolates. According to MoURY et al. (2001) , progression of the rose mosaic disease under greenhouse conditions was very slow, which should make PNRSV easy to eradicate through sanitary selection.
Another result obtained in this research was the incidence of PNRSV infecting one of the most important hosts of this virus. Four out the 65 evaluated peach and Prunus samples (6.2%) were infected with PNRSV, revealing a low incidence of this virus in the evaluated germoplasm collection. This incidence could be explained by appropriate phytosanitary conditions under which this Prunus collection has been maintained. The present research constitutes the first molecular characterization of the complete CP and MP genes of a Brazilian PNRSV isolate from rose and expands the knowledge on the genetic variability and incidence of this pathogen.
